Amendments to the Specification 



^^^^^ "^^^^^ the paragraph at page 1, lines 2-4 with the following paragraph: 

This application claimo priority to is a continuation nf tt s Application Serial 
Number 09/613,826 filed July 11, 2000, now U.S. P.tent . 44n 7n. ^hich claims priority to 
^ provisional U.S. Application Serial Number 60/146,792, filed August 2, 1999. 



)e is 



^^^ ^^ '^^^^ paragraph at page 3, lines 22-37 with the following paragraph: 

M^^g to another embodiment of the invention, a molecular beacon probe 

provided. It comprises an oligonucleotide with a stem-loop structure having a 

photoluminescent dye at one of the 5' or 3' ends and a quenching agent at the opposite 5' or 

3' end. Theloopconsistsofl6basepairswhichhasaT:,of50-51B^C. The stem consists 
of 4 base pairs having a sequence 5'-CACG-3'. 



piaSa^h- ^"""^"^^ ^' *° P'^^ ^' ^ *^ 

A second type of molecular beacon probe is provided in another embodiment. It 
^ ^ comprises an oligonucleotide with a stem-loop structure having a photoluminescent dye at 
one of the 5' or 3' ends and a quenching agent at the opposite 5' or 3' end. The loop 
consists of 19-20 base pairs and has a T„ of 54-56G!C. The stem consists of 4 base pairs 
having a sequence 5'-CACG-3'. 



ifL?lf!i!^!f^f.5lPf^;^^ lines 10-23 with the following paragraph: 



FIG. l A, IB, IC . Schematic of experimental design. (A) The basic two steps involved: PGR 
on diluted DNA samples is followed by addition of fluorescent probes which discriminate 
between WT and mutant alleles and subsequent fluorometry. (B) Principle of molecular 
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beacon analysis. In the stem-loop configuration, fluorescence fi-om a dye at the 5' end of the 
oligonucleotide probe is quenched by a Dabcyl group at the 3' end. Upon hybridization to a 
^2^^ template, the dye is separated fi-om the quencher, resulting in increased fluorescence. 

Modified from Marras et al . (C) Oligonucleotide design. Primers Fl and Rl are used to 



amplify the genomic region of interest. Primer INT is used to produce single stranded DNA 
from the original PGR products during a subsequent asymmetric PGR step (see Materials 
and Methods). MB-RED is a Molecular Beacon which detects any appropriate PGR 
product, whether it is WT or mutant at the queried codons. MB-GREEN is a Molecular 
Beacon which preferentially detects the WT PGR product. 



(5) Please replace the paragraph on page 4, line 24 to page 5, line 5 with the following 
paragraph: 

Fig. 2. Discrimination between WT and mutant PGR products by Molecular Beacons. Ten 
^ 1^ separate PGR products, each generated from ^25 genome equivalents of genomic DNA of 
cells containing the indicated mutations of c-Ki-Ras, were analyzed with the Molecular 
Beacon probes described in the text. Representative examples of the PGR products used for 
Molecular Beacon analysis were purified and directly sequenced. In the cases with 
Glyl2Gys (SEP ID NO: m and Glyl2Arg (SEP ID NO: 10) mutations, contaminating 
non-neoplastic cells within the tumor presumably accounted for the relatively low ratios. In 
the cases with Glyl2Ser (SEP ID NP: 8) and Glyl2Asp (SEP ID NO: 12\ there were 
apparenfly two or more alleles of mutant c-Ki-Ras for every WT allele (SEP ID NP: 7) : 
both these tumors were aneuploid. Analvsis of the Glvl3Asp mutation is also shown (SEP 
ID NP: 9\ 



(6) Please replace the paragraph on page 5, lines 17-23 with the following paragraph: 
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in 



Fig. 4. Discriminating WT from mutant PGR products obtained in Dig-PCR. RED/GREEN 
ratios were determined from the fluorescence of MB-RED and MB-GREEN as described 
Materials and Methods. The wells shown are the same as those iUusfrated in Fig. 3. The 
sequences of PGR products from the indicated wells were determined as described in 
Materials and Methods. The wells with RED/GREEN ratios >3.0 each contained mutant 
sequences while those with RED/GREEN ratios of -1.0 contained WT sequences. WTc- 
Ki-Ras (SEQ ID N O: 7), Gl vl 2 A sp (SEO ID NO: 13\ and Glvl 3 Asp (SEP ID NO: 
analyzed. 



were 



(7) Please replace the paragraph on page 5, line 24 to page 6, line 7 with the following 
paragraph: * 



are 



Fig. 5. Dig-PCR of DNA from a stool sample. The 384 wells used in the experiment ; 
displayed. Those colored blue contained 25 genome equivalents of DNA from normal cells. 
Each of these registered positive with MB-RED and the RED/GREEN ratios were 1 .0 +/- 
0. 1 (mean +/- 1 standard deviation). The wells colored yellow contained no template DNA 
and each was negative with MB-RED (i.e., fluorescence <3500 fluorescence units.). The 
other wells contained diluted DNA from the stool sample. Those registering as positive with 
MB-RED were colored either red or green, depending on their RED/GREEN ratios. Those 
registering negative with MB-RED were colored white. PGR products from the indicated 
wells were used for automated sequence analysis. The sequence of WT c-Ki-Ras in well 
Kl (SEQ ID NO: 7), and mutant c-Ki-Ra^, i n wells CI 0. Rll. MIO. and T.12 (SEQ ID NO: 
14). and well F21 (SEO TP NO: 15) were analY ^eH 



(8) Please replace the paragraph on page 13, line 18 to page 14, line 5 with the following 
paragraph: * 
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Oligonucleotides and DNA sequencing. Primer Fl: 

5'-CATGTTCTAATATAGTCACATTTTCA-3' (SEP ID NO: lY Primer Rl: 
5'-TCTGAATTAGCTGTATCGTCAAGG-3' (SEOIDNO: 2) : Primer INT: 
5'-TAGCTGTATCGTCAAGGCAC-3' (SEOIDNO: 3) : MB-RED: 
/N ^ 5 '-Cy3-CACGGGCCTGCTGAAAATGACTGCGTG-Dabcyl-3 ' (SEO ID NO: 4) : 
^■^ MB-GREEN: 5'-Fluorescein-CACGGGAGCTGGTGGCGTAGCGTG-Dabcyl-3' (SEO ID 

NO: 5). Molecular Beacons (33,34) were synthesized by Midland Scientific and other 
oligonucleotides were synthesized by Gene Link (Thomwood, NY). All were dissolved at 
50 uM in TE (10 mM Tris, pH 8.0/ 1 mM EDTA) and kept frozen and in the dark until use. 
PGR products were purified using QIAquick PGR purification kits (Qiagen). In the relevant 
experiments described in the text, 20% of the product from single wells was used for gel 
electrophoresis and 40% was used for each sequencing reaction. The primer used for 
sequencing was 5'-CATTATTTTTATTATAAGGCCTGC-3' (SEO ID NO: 6) . Sequencing 
was performed using fluorescently-labeled ABl Big Dye terminators and an ABI 377 
automated sequencer. 



(9) Please replace the paragraph at page 16, line 7 to page 17, line 7 with the following 
paragraph: 



The second step in Fig 1 A involves the detection of these PGR products. It was 
necessary to considerably modify the standard MB probe approach in order for it to fimction 
\ <Q efficiently in Digital Amplification applications. Theoretically, one separate MB probe 

could be used to detect each specific mutation that might occur within the queried sequence. 
By inclusion of one MB corresponding to WT sequence and another corresponding to 
mutant sequence, the nature of the PGR product would be revealed. Though this strategy 
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could obviously be used effectively in some situations, it becomes complex when several 
different mutations are expected to occur within the same queried sequence. For example, 
in the c-Ki-Ras gene example explored here, twelve different base substitutions resulting in 
missense mutations could theoretically occur within codons 12 and 13, and at least seven of 
these are observed in naturally-occurring human cancers. To detect all twelve mutations as 
well as the WT sequence with individual Molecular Beacons would require 13 different 
probes. Inclusion of such a large number of MB probes would not only raise the 
background fluorescence but would be expensive. We therefore attempted to develop a 
single probe that would react with WT sequences better than any mutant sequence within the 
^ \'0 queried sequence. We found that the length of the loop sequence, its melting temperature, 

C D ^ . 3nd sequence of the stem were each important in determining the efficacy of 

such probes. Loops ranging from 14 to 26 bases and stems ranging from 4 to 6 bases, as 
well as numerous sequence variations of both stems and loops, were tested during the 
optimization procedure. For discrimination between WT and mutant sequences 
(MB-GREEN probe), we found that a 16 base pair loop, of melting temperature fRa) (J^ 
50-5 IS!, and a 4 bp stem, of sequence 5'-CACG-3', were optimal. For MB-RED probes, 
the same stem, with a 19-20 bp loop of Tm Tj^ 54-56S° proved optimal. The differences in 
the loop sizes and melting temperatures between MB-GREEN and MB-RED probes 
reflected the fact that only the GREEN probe is designed to discriminate between closely 
related sequences, wjtfa^a s horter region of homology facilitating such discrimination. 
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(10) Please replace the sequence listing in the application with the accompanying substitute 
sequence hsting. 
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